Digital Copying Machine and Image Data Transfer Method in Digital 
Copying Machine 

Related Application 
5 This application is based on applications Nos. 2000-145512 

and 11-354627 filed in Japan, the entire content of which is hereby 
incorporated by reference. 

Background of the Invention 
10 Field of the Invention 

The present invention pertains to transfer of image data 

between a computer and a digital copying machine. 

Description of the Related Art 

Digital copying machines having a printer function have 
15 become known in recent years . A digital copying machine has a copier 

unit equipped with an image reader and a printing unit, a controller 

that causes the copier unit to operate as a printer, and a bus that 

connects the copier unit and the controller. 

The scanner reads the image of the original document and 
20 generates scan image data. The printing unit performs printing 

based on the print image data generated for the purposes of printing. 

The controller has a function to transfer the scan image data output 

from the image reader to the client computer and a function to 

transfer the print image data output from the client computer to 
25 the printing unit. 
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Where the scan image data output from the image reader is 
transferred to the client computer, it is first sent to the 
controller via the bus. On the other hand, the print image data 
input from the client computer to the controller is transferred 
5 to the printing unit via the same bus . 

However, because the bus is occupied during image data 
transfer, the image reading operation in which scan image data is 
sent from the image reader to the external computer and the printing 
operation in which print image data is transferred to the printing 
10 unit from the external computer may not be carried out 
simultaneously. 

As one method to eliminate this inconvenience, it is possible 
to use one bus for the transfer of scan image data and another bus 
for the transfer of print image data. However, where two separate 
15 dedicated buses are used, hardware to transfer image data is also 
needed for each bus, which makes it difficult to keep the apparatus 
small in size, and also leads to the problem of increased cost. 

Summary of the Invention 
20 The object of the present invention is to eliminate these 

problems . 

Another object of the present invention is to provide a digital 
copying machine and image data transfer method that carry out an 
image reading operation in which scan image data is transferred 
25 to the external computer from the image reader and a printing 
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operation in which print image data is transferred from the external 
computer to the printing unit using the same bus. 

These and other objects are attained by means of a digital 
copying machine having an image reader that reads an image of the 
5 original document and generates image data, a printing unit that 
prints based on image data, a bus that transmits the image data 
generated by the image reader to an external computer and that 
transmits image data from the external computer to the printing 
unit, a signal generator that generates a signal based on an 
10 operation timing of the printing unit, and a controller that, in 
response to the signal, switches the bus between transmission from 
the image reader to the external computer and transmission from 
the external computer to the printing unit. 

The invention itself, together with further objects and attendant 
15 advantages, will best be understood by reference to the following 
detailed description taken in conjunction with the accompanying 
drawings . 

Brief Description of the Drawings 
20 Fig. 1 is a block diagram showing a digital copying machine. 

Fig. 2 is a drawing showing the timings for image data 
transfer. 

Fig. 3 is a summary block diagram to explain the image data 
transfer. 

25 Fig. 4 is a summary block diagram to explain a modified example 
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of the image data transfer. 

Fig. 5 is a block diagram of a digital coping machine (the 
second embodiment). 

Fig. 6 is a drawing showing the timings for image data 
5 transfer. 

Fig. 7 is a summary block diagram to explain the image data 
transfer. 

Fig. 8 is a flow chart regarding the image data transfer. 
In the following description, like parts are designated by like 
10 reference numbers throughout the several drawing. 

Description of the Preferred Embodiment 

The embodiments of the digital copying machine pertaining to 
the present invention are explained below with reference to the 
15 drawings. 

[First embodiment] 

The digital copying machine 10 shown in Fig. 1 has a copier 
unit 20 that functions as a copying machine, a controller 30 that 
controls the transfer of image data between the copier unit 20 and 
20 the external computer 50, and a common bus 40 that connects the 
copier unit 20 and the controller 30. 

The copier unit 20 has an image reader 22, a selector 23, a 
color system converter 24, a printing unit 25, a first signal 
generator 26, a second signal generator 27, a read buffer 28 and 
25 a print buffer 29. 
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The image reader 22 reads the image of the original document 
and sequentially generates scan image data for each color of red 
(R), green (G) and blue (B). The scan image data is image data 
comprising R, G and B color data, and is eight-bit data expressed 
5 in terms of 256 gradations per pixel. The selector 23 selects the 
output destination for the scan image data generated by the image 
reader 22 based on a copy enable signal. 

The output destination is either the color system converter 
24 or read buffer 28. The copy enable signal is based on an 
10 instruction issued using the operation panel. It is 'HI' when a 
copying operation, in which the image of the original document 
placed on the image reader 22 is printed by the printing unit 25, 
is instructed, and 'LO' when an image reading operation, in which 
the scan image data is transferred to the external computer from 
15 the image reader, is instructed. 'HI' refers to the rise of the 
signal, while 'LO' refers to the fall of the signal. 

The color system converter 24 converts the scan image data 
into print image data. The print image data is image data used for 
printing, and comprises cyan (C) , magenta (M) , yellow (Y) and black 
20 (K) color data. The printing unit 25 prints out the print image 
data. The first signal generator 26 is a device that generates the 
clock signals shown in Fig. 2. The clock signal is a so-called pixel 
clock signal, and is a control signal indicating the operation 
timing for each pixel. Based on the clock signal, the second signal 
25 generator 27 generates a scan enable signal, which is a reversal 
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of the clock signal. 

The read buffer 28 temporarily stores the scan image data from 
the image reader 22 , and it also transfers the scan image data stored 
in it to the controller 30 on a pixel basis based on the scan enable 

5 signal. The print buffer 29 temporarily stores the print image data 
from the controller 30, and transfers the print image data stored 
in it to the printing unit 25 on a pixel basis based on the print 
enable signal. The print enable signal is a signal equivalent to 
the clock signal. 

10 The bus 40 has a signal line 40A used to transfer the print 

enable signal from the copier unit 20 to the controller 30, and 
a bus member 40B used to serially transfer scan image data and print 
image data on a color and pixel basis as shown in Fig. 3. The bus 
member 4 OB comprises bound eight signal lines in order to transfer 

15 the eight-bit image data. 

The controller 30 has a second signal generator 32, a read 
buffer 34 and a print buffer 36. 

The second signal generator 32 outputs a scan enable signal 
based on the print enable signal transferred from the copier unit 

20 2 0 via the signal line 4 OA. The read buffer 34 temporarily stores 
the scan image data output from the read buffer 28 of the copier 
unit 20 via the bus member 4 OB, and transfers the scan image data 
stored in it to the external computer 50 on a pixel basis based 
on the scan enable signal. The print buffer 36 temporarily stores 

25 print image data from the external computer 50, and transfers the 
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print image data stored in it to the print buffer 29 of the copier 
unit 20 on a pixel basis based on the print enable signal. 

In other words, the digital copying machine 10 has a transfer 
means that transfers scan image data to the external computer 50 
5 and transfers to the printing unit 25 print image data generated 
by the external computer 50. Specifically, the transfer means 
comprises a first signal generator (clock signal generating means ) 
26 that generates clock signals and an alternate transfer means 
that alternately transfers scan image data and print image data 
10 via the common bus 40 in response to the rise and fall of the clock 
signal (the secondsignal generator 27, read buffer 28 , print buff er 
29, second signal generator 32, read buffer 34 and print buffer 
36) . 

The copying operation in which the image of the original 
15 document placed on the image reader 22 is printed by the printing 
unit 25 will now be explained. 

When copying is instructed by means of the operation panel, 
the copy enable signal becomes 'HI' , and the selector 23 connects 
the image reader 22 and the color system converter 24. The image 
20 reader 22 reads the image of the original document and generates 
scan image data, which is then input to the color system converter 
24. The color system converter 24 converts the scan image data, 
which comprises R, G and B image data, into print image data, which 
comprises CMYK image data, and inputs it to the printing unit 25. 
25 The printing unit 25 then prints out the print image data. 
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The image reading operation in which scan image data is 
transferred from the image reader to the external computer will 
now be explained. 

When image reading is instructed by means of the operation 
5 panel, the copy enable signal becomes 'LO', and the selector 23 
connects the image reader 22 and the read buffer 28 . The image reader 
22 reads the image of the original document and generates scan image 
data, which is then temporarily stored in the read buffer 28. On 
the other hand, the clock signal generated by the first signal 

10 generator 26 is input to the second signal generator 27. The scan 
enable signal generated by reversing the clock signal in the second 
signal generator 27 is input to the read buffer 28. The read buffer 
28 outputs scan image data for one pixel when the scan enable signal 
becomes 'HI' . The scan image data for one pixel is transferred to 

15 the read buffer 34 of the controller 30 via the bus member 40B and 
temporarily stored there. 

When this happens, the print enable signal has been input to 
the second signal generator 32 of the controller 30 via the signal 
line 40A. Therefore, the second signal generator 32 outputs a scan 

20 enable signal that is in synchronization with the scan enable signal 
output from the second signal generator 27 of the copier unit 20. 
The scan enable signal is input to the read buffer 34. As a result, 
as scan image data for one pixel is transferred from the read buffer 
2 8 of the copier unit 20 to the read buffer 34 of the controller 

25 30 , scan image data for one pixel is transferred from the read buffer 



34 to the external computer 50. 

The printing operation in which print image data is 
transferred from the external computer to the printing unit will 
now be explained. 
5 The print image data prepared by the external computer 50 is 

temporarily stored in the print buffer 36 of the controller 30. 
When the print enable signal that has been input to the print buffer 
36 via the signal line 4 OA becomes ' HI ' , the print image data stored 
in the print buffer 36 is sequentially transferred on a pixel basis 
10 in the order of C, M, Y and K to the print buffer 29 of the copier 
unit 20 via the bus member 40B. 

On the other hand, the print enable signal has been input to 
the print buffer 29 of the copier unit 20. In other words, a 
synchronized print enable signal has been input to the print buffer 
15 36 and print buffer 29. As a result, as print image data for one 
pixel is transferred from the print buffer 3 6 of the controller 
30 to the print buffer 29 of the copier unit 20, print image data 
for one pixel is transferred to the printing unit 25 from the print 
buffer 29. The printing unit 25 then prints out the print image 
20 data thus transferred. 

The case in which an image reading operation and a printing 
operation are carried out at the same time will now be explained. 
Specifically, this is a case in which a printing operation wherein 
print image data is transferred to the printing unit 2 5 from the 
25 external computer 50 while an image reading operation, in which 
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scan image data is transferred from the image reader 22 to the 
external computer 50, is underway, or a case in which an image 
reading operation wherein scan image data is transferred from the 
image reader 22 to the external computer 50 while a printing 
5 operation, in which print image data is transferred to the printing 
unit 25 from the external computer 50, is underway. 

The scan image data generated by the image reader 22 is 
temporarily stored in the read buffer 28, and when the scan enable 
signal becomes 'HI', it is transferred to the read buffer 34 via 
10 the bus member 4 OB. On the other hand, the print image data prepared 
by the external computer 50 is temporarily stored in the print 
buffer 36 of the controller 30, and when the print enable signal 
becomes 'HI' , it is transferred to the print buffer 29 via the bus 
member 4 OB. 

15 The scan enable signal and print enable signal are based on 

the clock signal, and as shown in Fig. 2, their phases are off from 
each other by half a cycle, i.e., 180 degrees. Therefore, where 
the clock signal is 'LO', the scan enable signal is 'HI" and the 
print enable signal is 'LO' . On the other hand, where the clock 

20 signal is 'HI' , the scan enable signal is 'LO' and the print enable 
signal is 'HI'. Therefore, where the clock signal is 'LO' , scan 
image data for one pixel is transferred, and where the clock signal 
is 'HI', print image data for one pixel is transferred. 

As described above, scan image data and print image data are 

25 alternately transferred on a pixel basis based on the cycle of the 
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clock signal. Therefore, an image reading operation and a printing 
operation may be simultaneously carried out using the same bus. 

The transfer speeds for scan image data and for print image 
data are the same. Further, while it is necessary to synchronize 
5 the transfer of scan image data and the transfer of print image 
data on a pixel basis, it is not necessary that the starting portion 
of the scan image data and that of the print image data match. For 
example, in order to simultaneously execute an image reading 
operation for scan image data for one page of an original document 

10 and a printing operation for print image data for one page of an 
original document, it is not necessary to transfer in a synchronous 
fashion the scan image data for the beginning of the page and the 
print image data for the beginning of the page as the starting data 
for the transfer. Therefore, scan image data and print image data 

15 may be transferred at any time. 

[Modified example of first embodiment] 

The digital copying machine lOA shown in Fig. 4 has a copier 
unit 20Athat functions as a copying machine, a controller SOAthat 
20 controls the transfer of image data between the copier unit 2 OA 
and the external computer, and a common bus 41 that connects the 
copier unit 2 OA and the controller 3 OA. 

The image reader of the copier unit 2 OA reads the image of 
the original document and generates in a parallel fashion R, G and 
25 B eight-bit scan image data expressed in terms of 256 gradations 
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per pixel. Therefore, the bus 41 has a signal line 41A through which 
the print enable signal is transferred and three bus members 4 IB, 
41C and 4 ID, which correspond to the colors R, G and B, respectively. 
The bus members 4 IB, 41C and 4 ID are respectively used for R, G 
5 and B data, and each comprise bound eight signal lines in order 
to transfer eight-bit image data. In other words, the bus 41 has 
24 signal lines for the transfer of image data. 

Therefore, in the image reading operation in which scan image 
data is transferred from the image reader to the external computer, 

10 the R, G and B scan image data is simultaneously transferred from 
the copier unit 20A to the controller 30A. Specifically, the R scan 
image data, G scan image data and B scan image data are transferred 
in a parallel fashion to the controller 3 0 via the eight signal 
lines comprising the bus member 4 IB, the eight signal lines 

15 comprising the bus member 41C and the eight signal lines comprising 
the bus member 4 ID, respectively. 

In the printing operation in which print image data is 
transferred from the external computer to the printing unit, the 
print image data is transferred from the controller BOA to the 

20 copier unit 20A on an individual color basis of C, M, Y and K. 
Specifically, the print image data is serially transferred to the 
copier unit 2 OA via the eight signal lines comprising the bus member 
41C used for G data. 

Where an image reading operation and a printing operation are 

25 carried out at the same time, the R, G and B scan image data is 
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simultaneously transferred to the controller 30A from the copier 
unit 2 OA via the bus members 4 IB, 41C and 4 ID, respectively, while 
the print image data is transferred to the copier unit 2 OA from 
the controller 3 OA via the bus member 41C used for G data on an 
individual color basis of C, M, Y, and K. Alternate transfer of 
scan image data and print image data using the same bus member 41C 
is carried out as described above based on the scan enable signal 
and print enable signal. 

In other words, while the total of 16 signal lines of the bus 
member 4 IB used for R data and the bus member 4 ID used for B data 
are used for the transfer of scan image data only, the eight signal 
lines of the bus member 41C used for G data are used for the transfer 
of scan image data as well as the transfer of print image data. 

[Second embodiment] 

The digital copying machine 11 shown in Fig. 5 has a copier 
unit 21, a controller 31, and a common bus 42 that connects the 
copier unit 21 and the controller 31 . It alternately transfers scan 
image data and print image data via the bus 42 based on horizontal 
synchronization signals that indicate operation timings on a line 
basis. The second embodiment is therefore different from the first 
embodiment, which uses clock signals, which are control signals 
for operation timings on a pixel basis. 

Specifically, the controller 31 has a first signal generator 
26A that generates a HD-print signal based on the detection of an 



HSync signal shown in Fig. 6. The HSync signal is a reference signal 
for the print start position for each line that is output each time 
the polygon mirror of the print head of the printing unit 25 has 
rotated. The HD-Print signal corresponds to the effective scan area 
5 of the polygon mirror, and is a horizontal synchronization signal 
that shows the timing at which print image data for one line is 
needed. Where the HD-Print signal is 'HI', print image data is 
transferred to the copier unit 21 from the controller 31. For 
example, where one line consists of 500 dots, the frequency of the 

10 HD-Print signal is 1/500 of the frequency of the clock signal used 
in the first embodiment. 

The second signal generator 27A of the copier unit 21 and the 
second signal generator 32A of the controller 31 generates a HD-Scan 
signal based on the HD-Print signal. Specifically, the HD-Scan 

15 signal is a reversal of the HD-Print signal, and is a horizontal 
synchronization signal that shows the timing for reading of the 
image of one line of the original document in the main scanning 
direction. Where the HD-Print signal is 'HI' , the scan image data 
is transferred from the copier unit 21 to the controller 31. 

20 The image reader 22A of the copier unit 21 reads the image 

of the original document and generates in a parallel fashion R, 
G and B eight-bit scan image data expressed in teinnas of 256 
gradations per pixel. Therefore, as shown in Fig. 7, the bus 42 
has a signal line 42A through which the HD-Print signal is 

25 transferred from the controller 31 to the copier unit 21, as well 
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as three bus members 42B, 42C, and 42D that correspond to the three 
colors, G and B, respectively. While the bus member 42B used 
for R data and the bus member 42D used for B data are used for the 
transfer of scan image data only, the bus member 42C used for G 
5 data is used for the transfer of scan image data as well as the 
transfer of print image data. 

In other words, the transfer means in the digital copying 
machine 11 comprises a first signal generator (horizontal 
synchronization signal generating means) 26A that generates 

10 horizontal synchronization signals and an alternate transfer means 
that alternately transfers scan image data and print image data 
via the common bus 42 in response to the rise and fall of the 
horizontal synchronization signal (a second signal generator 21 A, 
read buffer 28, print buffer 29, second signal generator 32A, read 

15 buffer 34 and print buffer 36). 

The image data transfer in the case where an image reading 
operation in which scan image data is transferred from the image 
reader to the external computer and a printing operation in which 
printing image data is transferred to the printing unit from the 

20 external computer are carried out at the same time will now be 
explained with reference to the flow chart of Fig. 8. 

First, an instruction for simultaneous execution of an image 
reading operation and a printing operation is issued (SI ) , and when 
the copier unit 21 enters the state in which it is ready to 

25 simultaneously perform the two operations (S2) , the controller 31 
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requests that the copier unit 21 begin the processing (S3). It is 
then determined whether the HD-Print signal has risen (S4). 

Where it is determined that the HD-Print signal is 'LO' , the 
controller 31 advances to S8. On the other hand, where the HD- 
5 Print signal is determined to be 'HI', serial transfer of print 
image data from the external computer 51 is begun (S5). In other 
words, the print image data is transferred, via the bus member 42C 
used for G data on an individual color basis of C, M, Y and K, from 
the controller 31 to the printing unit 25. The printing unit 25 

10 then prints out the print image data (S6). It is then determined 
whether or not the transfer of print image data for one line has 
been completed (S7). Where it is determined that the transfer of 
print image data for one line has not been completed, the controller 
31 returns to S5. On the other hand, where it is determined that 

15 the transfer of print image data for one line has been completed, 
the controller 31 advances to S12. 

In S8, it is determined whether the HD-Scan signal has risen. 
Where it is determined that the HD-Scan signal is 'LO' , the 
controller 31 returns to S4 . On the other hand, where it is 

20 determined that the HD-Scan signal is 'HI', parallel transfer of 
scan image data from the image reader 22A is begun (89) . In other 
words, reading of the original document image is begun and the R, 
G and B scan image data generated is simultaneously transferred 
to the controller 31 via the bus members 42B, 42C and 42D, 

25 respectively. The scan image data is then stored in the read buffer 
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34 of the controller 31 so that it may be transferred to the external 
computer 51 (SIO ) . It is then determined whether or not the transfer 
of scan image data for one line has been completed (Sll). Where 
it is determined that the transfer of scan image data for one line 
5 has not been completed, the controller 31 returns to S9. On the 
other hand, where it is determined that the transfer of scan image 
data for one line has been completed, the controller 31 advances 
to S12. 

In S12, it is determined whether or not the processing for 

10 one page has been completed (S12). Where it is determined that 
processing for one page has not been completed, the controller 31 
returns to S4 . On the other hand, where it is determined that the 
processing for one page has been completed, the process is ended. 
As described above, scan image data and print image data are 

15 alternately transferred on an individual line basis based on a 
horizontal synchronization signal that shows the operation timing 
for each line. Therefore, an image reading operation and a printing 
operation may be simultaneously carried out using the same bus. 
In the second embodiment, where the scanning efficiency of 

20 the polygon mirror of the print head in the printing unit 25 is 
high, the period of time required for the transfer of print image 
data increases in terms of the percent of one cycle of the HSync 
signal, while the time available for the transfer of scan image 
data is reduced. However, this may be dealt with by, for example, 

25 increasing the frequency of the pixel clock used for the transfer 
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of scan image data higher than the frequency of the pixel clock 
used for the transfer of print image data. 

Using the embodiments explained above, an image reading 
operation in which scan image data is transferred to the external 
5 computer from the image reader and a printing operation in which 
print image data is transferred to the printing unit from the 
external computer may be carried out at the same time using the 
same bus . 

'Simultaneously' or 'at the same time' means that an image 
10 reading operation and a printing operation progress parallel to 
each other, and does not mean that data transfers in opposite 
directions take place strictly at the same point in time in the 
common bus. 

Although the present invention has been fully described by 
15 way of examples with reference to the accompanying drawings, it 
is to be noted that various changes and modifications will be 
apparent to those skilled in the art. Therefore, unless such changes 
and modifications depart from the scope of the present invention, 
they should be construed as being included therein. 
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